lowest concentrations of linearity curve were 256 μg/ml (camphor and menthol), 320 μg/ml (MS) and 480 μg/ml (turpentine) which were not sensitive enough to determine lower concentrations of these analyte in any formulation. A GC-FID method was developed and validated by Pauwels et al. to quantify camphor, methyl salicylate, ethyl salicylate and l-menthol simultaneously in a topical preparation (Pauwels. 2012) . But the chromatographic run time for a single analysis, as per the report, was considerably longer (>30 min). Valdes et al. validated a GC method for determination of camphor, menthol and MS in blood plasma, but the analysis was based on use of different detectors for different analytes (Valdez et al. 1999) . FID was used for camphor-menthol whereas mass spectrometric detector for MS. However, till date no method is reported to analyze camphor, menthol and MS simultaneously in a topical ointment by GC coupled with FID. FID is sensitive to molecules that are ionized in a hydrogen-air flame including most carbon containing compounds. Hence it is advantageous for gas chromatographic detection due to its high sensitivity, wide range of applicability, relative less cost and simplicity in operation than MS detection system (Hinshaw 2005) . In this context, the present research is aimed to come out with a simple GC-FID method to analyze these three ingredients simultaneously in a topical ointment. Objectives of the work are to develop and validate a sensitive, rapid, simple and accurate GC-FID method for simultaneous quantitative estimation of camphor, menthol and MS in a topical ointment.
The validation of this GC method was carried out as per the ICHQ2 (R1) standard guideline of analytical method validation (ICHQ2 (R1) 2005). In order to establish proper functioning of the chromatographic and detector system, system suitability parameters need to be determined and monitored closely. Since early 1990s the system suitability tests had been included in the USP for any chromatographic analysis (Wahlich and Carr 1990) . In the present study the system suitability parameters were closely monitored and reported. The developed method was applied to determine the percentage content of camphor, menthol and MS in the stability samples of a topical analgesic ointment produced by IKOP Sdn. Bhd., Malaysia.
Materials and methods

Chemicals and reagents
Camphor, menthol, MS and eugenol (internal standard) standards, with percentage purity ≥95, ≥98, ≥99 and ≥99% respectively, were purchased from Sigma-Aldrich (USA). Petroleum benzine (boiling point 80-100° C) was purchased from Fischer scientific Co. (UK). Analgesic ointment sample was obtained from IKOP Sdn. Bhd., Malaysia.
Standard stock solutions and mixed standard solution
The standard stocks were prepared by accurately diluting 0.05 g of camphor, 0.05 g of menthol and 0.25 g of MS separately in 50 ml of petroleum benzine (diluent). Stock solution of eugenol, the internal standard (IS), was also prepared by same dilution in the same solvent. To prepare these solutions, accurately weighed analyte was transferred to a 50 ml volumetric flask containing 30 ml of diluent. The flask was sonicated without applying heat to dissolve the ingredient followed by dilution up to the mark with the diluent. A mixed standard solution was prepared by transferring 1 ml of each standard stock excluding IS to a 10 ml volumetric flask containing 5 ml of diluent. All were mixed well and diluted up to the mark with the diluent. Final concentrations of each analyte in mixed standard were about 100 μg/ml except 500 μg/ml for MS.
Sample stock and sample solution
Sample preparation was very simple and rapid by two steps dilution. Accurately weighed 1 g of ointment was transferred to a 50 ml volumetric flask containing 30 ml diluent. The flask was then sonicated without applying heat in order to make complete solubilization of the sample followed by volume adjustment up to the mark with diluent. This was the sample stock solution. To prepare sample solution, 1 ml of sample stock was transferred to a 10 ml of volumetric flask containing 5 ml of diluent. It was mixed well after adding 1 ml of IS which was followed by volume make up to the mark with diluent.
Development of chromatographic conditions
The GC system used for the experiment consisted of Agilent 7890B GC system coupled with a flame ionization detector (FID). A capillary column of 30 m length and 0.25 mm internal diameter (outer diameter: 0.39 mm) was used for the separation. Chromatographic method development usually starts with selection of column. In this GC method we selected the column based on polar nature of analytes of interest and due to the advantages of capillary column over packed column such as better separation between multiple analytes, narrower peak shape etc (Braithwaite and Smith 1999) . Analytical method was developed by empirical trial-error approach using important gas chromatographic parameters including carrier gas flow, injection temperature, oven temperature, ramp rate and split ratio of injector. Method development was started primarily with low carrier gas (He) flow 2.5 ml/min, Fast and simple gas chromatographic method for simultaneous estimation of camphor, menthol… 1 3 200 °C injection temperature and a simple linear oven temperature program from 80 to 250 °C with ramp rate of 5°/ min. The highest oven temperature was below the column bleeding temperature for the particular column. The target was to achieve acceptable resolutions between four analytes including the IS such as camphor, menthol, MS and eugenol with good peak shape within a relatively shorter run time. The initial results showed separation of peaks but with broad peak shape, poor response and very long run time (over 40 min). Poor response was probably due to incomplete vaporization of the analytes at low injection temperature. In practice the injection temperature is usually kept above the boiling point of analyte. In this case highest boiling point is of methyl salicylate (approximately 220 °C) (National Centre for Biotechnology Information, PubChem Compound Database). Then step wise the carrier gas flow was increased up to 3.5 ml/min with increasing injection temperature by different trial values upto 250 °C . It was observed that with increasing injection temperature peak responses improved whereas with increasing carrier gas flow elution of the peaks became faster. The peak shapes were much broader even with high gas flow. Assuming high concentration of sample as the reason of broad peak shape the split ratio was changed from 10:1 to 20:1. It was observed that peak broadening was reduced due to less amount of sample entering the system with enhanced split ratio. Little change in initial oven temperature to 100 °C did not show any significant retention time change in case of methyl salicylate but resulted in early elution of camphor and menthol. With fixed injection temperature at 250 °C different trials were made to fix the oven temperature along with ramp rate and carrier gas flow. With low ramp rate as 5° or even 10°/min. total chromatographic run time was much longer. Enhancement of ramp rate coupled with reduced gas flow resulted in shorter run time with acceptable separation and resolutions between all peaks. Finally a hold time of 6 min at highest oven temperature was required to ensure complete elution of all elements to prevent interference in further run.
Finally the developed GC conditions maintained throughout the experiments were as follows: carrier gas: helium at a flow rate of 3.3 ml/min; detector gas: compressed air at a flow rate of 400 ml/min; hydrogen flow: 30 ml/min; injection temperature: 250; injection volume: 1 μl; split ratio (20:1); oven temperature 100 °C followed by 20 °C/min until 200 °C and finally 230 °C for 6 min. Order of elution of three analytes from the column were first camphor (around 2.754 min) followed by menthol (around 3.205 min) and MS (around 3.994 min). Retention time for IS was around 5.904 min. Total chromatographic run time was 11 min (Fig. 1 ).
System suitability parameters
As per the USP, system suitability tests are integral part of any chromatographic analysis to ensure the adequacy and performance of the system for intended analysis throughout the course of work. It also includes the parameters for checking consistent column efficiency. For a method implemented on routine analysis of stable known compounds, standard solution or calibration solution can be used as system suitability checking solution (Soboleva and Ambrus 2004) . Therefore in this experiment, a mixed standard solutions containing three analytes (camphor: 100 μg/ml, menthol: 100 μg/ml, MS: 500 μg/ml) and IS (100 μg/ml) was used for system suitability evaluation at the beginning and end (bracketing) of each of the validation parameters run. To check the reproducibility by area ratio between each standard and respective IS, six replicates of the above mentioned mixed standard solution were injected at the beginning of each analysis. Samples were injected after the system suitability criteria met. The system suitability parameters with their respective acceptable values set for the present study followed standard specifications as provided in Table 1 (Chromatography 2014; Shabir 2003) .
Method validation
The developed analytical method was validated for limit of quantitation (LOQ), linearity and range, selectivity, accuracy, precision and intermediate precision as per the analytical method validation guideline ICHQ2 (R1) 2005 for assay of active ingredient. For accuracy and precision studies, three different levels of quality control samples were prepared at 50, 100 and 150% concentration level of each analyte present in the sample.
Limit of quantification/quantitation limit (LOQ/QL)
The quantitation limit was determined based on the standard deviation and slope of a calibration curve plotted in the nearby region of LOQ concentration. In order to formulate the curve, 5 sets of solution within the concentration range of 1 μg/ml to 20 μg/ml for camphor and menthol and 5 μg/ ml to 100 μg/ml for MS together were prepared from mixed standard solution by appropriate dilution with petroleum benzine. To each set 1 ml of IS was added before final dilution. LOQ was calculated by the following equation (Shrivastava et al. 2011): where = standard error of the calibration curve, S = slope of the curve.
The calculated LOQ, termed as predicted LOQ, was then confirmed by preparing and injecting the predicted LOQ solution (including IS) six times to the system. The relative standard deviation of area ratios between each analyte and IS was calculated for six injections. The limit of acceptance was not more than 5% for the confirmation of LOQ level. In this study limit of detection or detection limit (LOD or DL) was calculated to estimate the sensitivity of developed method from aforementioned LOQ calibration curve using the following Eq. (2): where = standard error of the calibration curve, S = slope of the curve.
Linearity and range
Linearity of the method was determined by estimation of regression coefficient (R 2 ) value for each analyte after plotting the concentration vs area ratio (analyte: IS). The standard acceptable value of R 2 is not less than 0.999. Concentrations used for linearity study for each analyte were LOQ (lowest concentration), 20, 50, 100, 120 and 150% of test label claim. Accurate amount of standards from mixed standard solution were taken to 10 ml volumetric flask and 1 ml of IS solution was added to each followed by mixing Table 1 System suitability parameters for developed GC method with acceptable values T R1 retention time of peak 1, T R2 retention time of peak 2, W2 and W1 corresponding widths of bases formed by extrapolating relatively straight side of peak1 and peak2 to the baseline, T R retention time of peak, W corresponding widths of base formed by extrapolating relatively straight side of the peak to the baseline, T O void time in min, W 5.0 width of peak at 5% height, T w distance between peak front and T R at 5% of peak height, SD area standard deviation of peak area (n = 6), Mean area mean peak area (n = 6)
SS parameter Equation Acceptable value
Resolution between an analyte peak and it's preceding peak (R s )
R s of 10 between the peak of interest and the closest peak eluting
In general should be >2000
Retention factor (k′)
The peak should be well-resolved from other peaks and the void volume, generally k′ > 2.0 Tailing factor (t) t =
Reproducibility of peak area response (% RSD) where n = 6
Not more than 2% (considering peak area of analyte in standard of six consecutive injections) and dilution up to the mark with petroleum benzine. The samples were then injected onto the system.
Selectivity
Selectivity of the method was assessed by comparing the blank, mixed standard and sample chromatogram. The diluent, petroleum benzine was injected as blank in this method. The interference of diluent or other element with the analyte peaks were monitored closely.
Accuracy, precision and intermediate precision
Accuracy and precision were studied to determine the closeness of the obtained results with a known value or reference value and repeatability of the method. To check these parameters, three different concentration levels (50, 100 and 150% of test label) of each analyte was added in the samples which are hereby termed as spiked solution.
From sample stock solution, 1 ml was accurately transferred to a 10 ml volumetric flask. To it, 0.5 ml of each standard stock was added followed by addition of 1 ml IS and dilution up to the mark with diluent after mixing. The solution, termed as 50% spiked solution, was prepared in three replicates. In the same manner 100 and 150% spiked solutions, each in triplicates, were also prepared by transferring 1 and 1.5 ml of standard stock respectively. As per ICH guideline ICHQ2 (R1) 2005 accuracy should be reported by percent recovery of known analyte added in the sample. This method was intended to apply for quantitative assay of ingredients in an ointment. Therefore, the acceptable limit of each accuracy or percent recovery study was set as 98-102% which was calculated by Eq. (3):
Precision was determined by calculating percent relative standard deviation (RSD) of percent recoveries among three replicates of each spiked label (50, 100 and 150%) for each analyte and acceptable limit was not more than 2.0%.
Intermediate precision was carried out to determine within laboratory variation by analyzing recovery of three levels of spiked sample, as mentioned earlier, in different day (inter day variation) and by different analysts (analyst variation). To assess this, the aforementioned process under accuracy and precision study was repeated in another day by a different analyst. The acceptance criterion for intermediate precision study was 98-102% for all accuracy or percent recovery value. RSD for the different days or two different analysts should not be more than 2.0% with respect to mean accuracy for each level of analyte. 
Statement of human and animal rights
This article does not contain any studies with human or animal subjects performed by any of the authors.
Results
After the method development stage, the validation studies were carried out with system suitability evaluation at the beginning and end of each parameter studied. Peak shapes of each analyte were good and the GC-FID system was shown to perform consistently well throughout the analysis period.
System suitability
Results of system suitability evaluation are expressed as lowest to highest value of each system suitability parameter obtained throughout the analysis (Table 2) . Resolution between menthol and camphor peak was above 21.0 and between MS and menthol was above 36.0. The number of theoretical plate in case of MS was above 520,000 whereas for camphor and menthol it was above 270,000 and 350,000 respectively. Likewise, retention factor and resolution values were also higher in case of MS (≥3.809) than camphor (≥2.315) or menthol (≥2.859). Tailing of peaks were significantly low with highest values of tailing factors as 0.027 between all peaks. Reproducibility, expressed as RSD of area ratio between analyte and IS peak, was lesser in MS (≤0.088%) than camphor (≤0.183%) or menthol (≤0.191%).
Method validation
LOQ (QL) derived for camphor, menthol and MS are given in Table 3 . From the result it was observed that predicted lower limit of quantitation for MS (6.507 μg/ml) is quite higher than camphor (0.847 μg/ml) or menthol (0.684 μg/ ml). As the ointment of interest contains comparatively higher (25% w/w) amount of MS than camphor (5% w/w) or menthol (5% w/w), the predicted LOQ was considered to be suitable for the quantitative analysis. However, to confirm LOQ, a mixed sample of camphor, menthol and MS were prepared with the concentration of 1 µg/ml, 1 µg/ml, and 5 µg/ml including IS (100 µg/ml) respectively. RSD values of six replicates of prepared LOQ solution were below 4.5% which indicates confirmation of LOQ concentration. LOD (DL) was determined theoretically as per Eq. (3) even though confirmation of LOD is not mandatory for assay method validation (14). The predicted LOD were 0.280, 0.226 and 2.147 μg/ml for camphor, menthol and MS respectively. Results of linearity study are described by Table 4 . The regression coefficient values (R 2 ) of calibration curve (concentration vs area ratio between analyte and IS) for each analyte was ≥0.999. Actual range of concentrations used for the linearity study were 1.035-142.5, 1.024-147.6 and 5.834-752.6 μg/ml for camphor, menthol and MS respectively.
The order of elution was first camphor followed by menthol, MS, and IS with retention times of about 2.754, 3.205, 3.994, and 5.904 min respectively. No potential interference at respective retention times of the analytes was observed by comparing standard chromatogram with blank chromatogram (Figs. 1, 2 ). There was also no interference by impurity or any other element at the retention time of the peaks of interest in the sample chromatogram.
All results of percent recovery or accuracy study of all three analytes were within a range of 99.67-101.5% which met the desired closeness of recovered or measured value to known added value (Table 5 ). There were no significant differences in percent recovery or accuracy between camphor (99.67-100.6%), menthol (100.5-101.4%) or MS (101.3-101.5%) or even between different spiked concentration levels. Representative one set of chromatograms of 50, 100 and 150% spiked sample are shown in Figs. 3, 4 and 5 respectively.
Precision of an analytical method describes the degree of agreement between results when repeated analysis needs to be carried out by same method. Table 5 describes the precision data for each analyte. RSD of percent recovery for all the samples at any level was within 0.24-1.03%. Lowest RSD (0.24%) value was derived in case of 100% spiked MS sample whereas highest (1.03%) RSD value from 100% spiked camphor sample, although both are within the specified limit. The results implied high repeatability of the method.
Intermediate precision for each analyte was determined by comparing analysis in different day and by different analyst. The results are tabulated in Tables 6 and 7 . It was observed that all percent recovery values obtained from each level of quality control samples from different day analysis or from different analysts were within 99.67-101.7%. RSD of percent recoveries for inter day analysis variation (analyzed in different day) were below 0.5%. Likewise RSD values derived from analysis by different person (analysis variation) were less than 1.5%.
The GC method was applied to analyze camphor, menthol and MS quantitatively from a topical ointment containing 25.0 ± 2% (w/w) MS, 5.0 ± 1% w/w camphor and 5.0 ± 1% (w/w) of menthol. The ointment, produced by IKOP Sdn. Bhd., Malaysia is intended to be used as analgesic to relieve muscle pain or joint pain. The ointment was kept in stability chamber for accelerated stability study at temperature of 40 ± 2 °C and relative humidity of 75% RH ± 5% for 6 months as per ICH guidelines Q1F for climate zone III and IV (ICH Q1C 1996) . Samples were taken out from stability chamber at four time points of 1, 2, 4 and 6 months and were analyzed by the validated GC method. Camphor, menthol and MS content at the 6 months sample were found to be 4.9 ± 0.1, 5.3 ± 0.4 and 24.5 ± 0.3% (w/w) (n = 3). Data for all stability time points could not be disclosed due to commercial interest of the manufacturer.
Discussion
All the system suitability parameters met their acceptable values. Peak variance is inversely proportional to the number of theoretical plates (N) in the column. The larger the 'N', narrower the peak and the higher is the efficiency of the column (Scott 1998) . In this study, even the lowest 'N' value (>270,000) was considerably higher than the acceptable value. It ensures that the column had performed consistently to separate three analytes throughout the period of analysis. Retention factor (k′), also known as retention factor, is related to the period of retention of analyte in stationary phase. The higher the retention factor, the longer the retention period. In the present study, retention factor was found to be consistent throughout the analysis. Resolution (Rs) depends on 'N' and 'k′'. The resolutions between two peaks of interests were quite higher (>21) which implied good separation of the analytes by the method. The resolutions were also consistent throughout the study. Tailing of peak might occur due to contaminated injection system and column, poor separation and detector response (Soboleva and Ambrus 2004). Low values of tailing factor (≤0.027) from the system suitability test were attributed to good peak shapes for all three analytes. It also indicated non-contamination of chromatographic system including column and detector. Low RSD (≤0.191%) values between area ratio (analyte peak: IS peak) of six consecutive injections were indicative of reproducible response. Established LOQ for camphor, menthol (each of 1 μg/ml) and MS (5 μg/ml) were considerably lower than previously reported methods. So it can be claimed, the developed and validated GC-FID method is highly sensitive. Although the LOD was not confirmed by repetitive injections, but predicted or calculated LOD seemed to be lower as described in the result. That means the method can be applied to determine even lower concentrations of these analytes in any formulation. Linearity is studied to establish a linear range of analyte concentration over which the detector response is constant or within a specified limit. The developed method was linear with respect to detector response of analyte peak within the range of LOQ to 150% of test label claim concentration for each of the analytes. The gas chromatographic column used in this study consists of PEG (poly ethylene glycol) backbone which has made it more polar in nature. Among the analytes, camphor contains a ketone (C=O) group whereas menthol contains a hydroxyl (-OH) group (Fig. 6) . Because of this structural difference, camphor behaves relatively less polar compound than menthol. So it elutes from the column at the first followed by menthol. On the contrary, MS (Fig. 6 ) possesses more polar functional groups (one ketone (C=O) and one hydroxyl (-OH) group). As a result, MS retained in the polar nature column for longer time and elutes at the last among three analytes. The judicious selection of the column temperature change against the chemical natures of the analytes had made the peaks well separated and free from any kind of interference. The percent recovery data (Table 5) showed that for all analytes and at each level of sample the GC FID method established a close agreement within the known value and recovered value. The selection of solvent is one of the important factors behind high accuracy of a method. Here petroleum benzine served as a good solvent for the analytes. The precision of a gas chromatographic analysis includes contributions from sampling, sample preparation, and the instrument performance. The lower the RSD of recoveries, the higher the precision value. From the result (Table 5) it can be observed RSD value as low as 0.24% with 100% spiked MS sample which is far lower than highest acceptable value (2%). Even the highest RSD obtained by the method in precision study was 1.03% with 100% spiked camphor sample. Not only that, inclusion of IS in quantitative analysis by GC minimizes chance of injection volume error or performance error of the system. Moreover IS of same volatility like analytes may be responsible for higher precision (Schreiner 2005) . Selection of eugenol as suitable IS for the present analysis may contribute to such higher precision. These higher precision had ensured the repeatability of the method for quantitative determination of camphor, menthol and MS. It was revealed from intermediate precision results (Tables 6, 7) that the developed method met the acceptance criteria of within laboratory variation.
Conclusion
A gas chromatographic method coupled to flame ionization detector for simultaneous quantitative determination of menthol, camphor and MS was developed and validated. There was no rapid and sensitive GC-FID method described earlier for simultaneous determination of these three analytes other than mixed with another ingredient in any topical ointment. The run time of the developed method is relatively shorter (11 min) than the published literatures which will help rapid analysis of regular quality control samples or stability samples. Low value of LOQ will make the method sensitive for determination of all three ingredients in raw material or final product. The method possessed good linear relationship between analyte concentration and detector response (R 2 ≥ 0.999) in an wide workable concentration range (1-150 μg/ml for camphor-menthol and 10-750 μg/ml for MS). The lowest and highest percent recovery were obtained as 99.67 ± 0.48 and 101.53 ± 0.53% respectively among all spiked concentration level of all analytes. A high degree of trueness of acquired result had been established thereby. Higher precision and intermediate precision value was a proof of high repeatability of the Fig. 6 Chemical structure of camphor, menthol and MS developed method. Finally the applicability of the method was established by successful stability sample analysis of topical analgesic ointment for the three ingredients. From the result and observation it can be concluded that the validated simple, rapid and sensitive GC-FID method can be applied for simultaneous and quantitative determination of camphor, menthol and MS in bulk drug as well as final topical formulation.
